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(54) Piston and method of manufacture 

(57) A method for manufacturing improved pistons 
(22). which are reciprocated by a swash plate (20) in an 
compressor. Each piston (22) includes a head (40) and 
a skirt (42). The head (40) has a cylinder (41) with an 
open end. and the skirt (42) has a lid (43) for closing the 

Fig. 



open end of the cylinder (41). The lid (43) is friction 
welded to the cylinder (41). This method firmly joins the 
lid (43) to the cylinder (41) and reduces the cost and the 
time for manufacturing. 
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Description 

BACKGROUND OF THE INVENTION 

{0001) The present invention relates to pistons for s 
compressors that are used in vehicle air conditioners 
and to a method for manufacturing the pistons. 
[0002] A typical compressor includes a cylinder block, 
which constitutes a part of the compressor housing. 
Cylinder bores are formed in the cylinder block. Each io 
cylinder bore reciprocally houses a piston. Each piston 
has a metal head accommodated in the associated cyl- 
inder bore and a metal skirt coupled to a driving body 
(f6r example, a swash plate in a swash plate type com- 
pressor) . The head includes a hollow cylinder with a is 
closed end and a lid to close the opening of the cylinder. 
The lid Is integrally formed with the sWrt. 
[0003J Such pistons are known as hollow pistons. In 
comparison to solid pistons, which have solid heads, 
hollow pistons are light. Using hollow pistons therefore 20 
reduces weight. The head and the skirt of a solid piston 
are integrally formed, for example, by casting. However, 
the cylinder and the lid of a hollow piston must be sepa- 
rately formed and welded together. 
[00041 Typically, the cylinder and the lid of a hollow 2S 
piston are welded by electron-beam welding. In elec- 
tron-beam welding, a highly accelerated electron-beam 
is irradiated onto parts to be welded in a vacuum weld- 
ing chamber. However, electron-beam welding has the 
following drawbacks. so 



[0006J To achieve the foregoing and other objectives 
and in accordance with the purpose of the present 
Invention, a method for manufacturing a piston that 
cooperates with a driving body in a machine is provided. 
The piston has a skirt and a head. The skirt serves to 
connect the piston to the driving body, and the head 
includes a cylinder having at least one open end and a 
lid closing the open end. The method includes friction 
welding the lid to the cylinder. 
[0007] The present invention is also embodied in a 
piston for cooperating with a driving body in a machine. 
The piston includes a skirt serving to connect the piston 
to the driving body and a head. The head includes a cyl- 
inder having at least one open end and a lid for ctosing 
the open end. The lid is friction weMed to the cylinder. 
[0008] Other aspects and advantages of the invention 
will become apparent from the following description, 
taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The features of the present invention that are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with objects 
and advantages thereof, may best be understood by ref- 
erence to the following description of the presently pre- 
ferred embodiments together with the accompanying 
drawings in which: 



(1) The electron-beam welding apparatus has a 
vacuum container defining a welding chamber and 
an electron gun chamber, an exhaust mechanism, 

an electron gun, a high voltage power source and a 35 
controller Accordingly, the electron-beam welding 
apparatus is fairly large, which increases manufac- 
turing costs. 

(2) The electron-beam must be continuously irradi- 4o 
ated along the joint between the skirt and the cylin- 
der of a piston. This complicates and slows the 
welding. 

(3) Welding the skirt to the cylinder can produce 
bubbles in the metal fdrming the cylinder and the 
lid. This lowers the strength of the joint between the 
cylinder and the lid. deteriorates the appearance of 
the piston, and may prevent the piston from 
smoothly reciprocating. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an objective of the present 
invention to provide an inexpensive piston in which the 55 
cylinder and the lid are quickly and securely fixed to 
each other and a method for manufacturing such pis- 
tons. 



Fig. 1 is a cross-sectional view illustrating a variable 
displacement compressor having pistons according 
to a first embodiment of the present invention; 

Rg. 2 is an exploded perspective view illustrating 
the piston of Fig. 1 ; 

Fig. 3 is a timing chart showing a process for 
assembling the cylinder and the skirt of the piston 
of Fig. 1; 

Rg. 4 is a cross-sectional view illustrating a piston 
according to a second embodiment; 



Rg. 58 is an enlarged partial view of the area sur- 
rounded by the broken line circle of Fig. 5A; 

Rg. 5C is a cross-sectional view illustrating a 
method for assembling the cylinder and the skirt of 
the piston of Fig. 4; 



45 

Rg. 4A is an enlarged view of the area surrounded 
by the broken line circle of Fig. 4; 

Rg. 5A is a cross-sectional view illustrating a 
so method for assembling the cylinder and the skirt of 
the piston of Fig. 4; 
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rlded by the broken line crde of F.g.5C, 

. • » rmss-sectional view lllustraling a 

according toathirden*.od.ment, 

Fig. 6B is an enlarged partial view ot the area indi- 
catedbythearrowofFig.6A, 

cv, fiC is a ctoss-sectional view illustrating a 
ShSli^eS^ling the cylinder and the s^rt o. 

Fig. 6D is an enlarged partial view 0. the area indi- 
cated by the arrow ot Fig. 6C. 

~«ee MTtional view illustrating a 
S^^;%:srite°;«ndera^^ 
aSS. according toafourthembod.ment, 

Fig.7Bisapartialcross.secJiona^^^^^^^^^^^^^ 
ir, which differs trom that of F,g.7A. 

Fiq yCisapartialcross-sectionalviewill^atinga 
SeJwhichaHfers from that of F«s.7Aand7B. 

Fig 8 is a cross-sectional view illustrating a piston 
awarding toafifthentodiment; 
Fig 9 is a cross-sectional view illustrating a piston 
acwrding to a sixth embodiment; 

FigiOisacross-sectional^^^illustratingai^ston 
according to a seventh errbodiment. 

Figllfeacross-sectionalviewillj^tratingapiston 
acoiing to an eighth embodiment; and 

Fig lateacross-sectional view illuslratingapiston 
adding toaninth embodiment. 

DETAILED DESCRIPTION OF THEPREFERRED 

EMBODIMENTS 



,00101 Pistons according to a «rst en*odiment vj« 



ported on thednv«sh^o axis L of ttie drwe 
16 and incline with 'f^^'J^cated between the 

3,an 16. The '"t^"" ;;ol«^^^^^ 
decreases as the swash P'a*« ^0 "W^^^ggj, p,ate 20 
inder block 12 and increases as the swasn p 
moves toward the rotor 19^ .^^^ 
P0141 Cy'-nderbo^s 2a are fo^^^^^^ 
block 12. Each cylinder bore va 

.eaded ^^^^^'l^T^i ^^'^- The 
the swash plate 20 ^^^1^^^ piate 20 into 

der bore 12a. u . 04 onH a discharge cham- 

rnoiSl A suction chamber 24 arvd a a'scnarae 

rLred.in™-X'-,^^^^^ 

p,a,e 14 has surt«" P°2it;ge ^ve flaps 29. Each 
30 discharge ports 28 and *scharge va- J ^ ^ 
set of ports 26, 28 and valve la^ ^^^^"^ „oves 
one of the cylinder bores 12a. ^J^J ^pter. 
from tiie top dead "-^^^^^ ^/^"^^^l^g suction 
refrigerant gas is drawn '"^"'^^^""jXeby opening 

center to the top dead oenler .n ^e ^ 
bore 12a. the gas in '•^^^^ J3^„ne7a6 is then 
, pressed to a pr^e^^ P-^^^^^^^^^ 

Xleflap29toflextoanopen^^^^^^^^^^ 
J0016, Ableedingpa^age O^^^^^^^^^ 
45 formedinthedriveshaftieaorjts 1^^^ 

30b formed in the <=y'''^^^,^°*„3Sie crank cham- 
1 4. The t^eeding P!,^9;^°r"2rA supply passage 

K^^idisplaceme.-^^^^^^^ 
solenoid 32a and a valve bgV ^^^^<^ 
55 excitation of the solenoid 32a causes 
32btoopenandclc«et^^esjj,plyP^^^^^ 
SrJer^-le-StheUno«32a 
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ence between the pressure ot ^ aank ^^^^^ 
pnri the oressure ot the cylinder bores 12a. The mciina 
SKSp.te^0^sa.tered^J..J^^^^^^^^^ 

.KoLrtoc in the oressure difference. This, in turn, alters 
rrJol'';Sns22andvariesthec«s,.acen,ent 

ot the compressor. *auah/e 
rnoiai When the solenoid 32a is de-exated. the valve 
K'UTens the supply ^^^^I'^'ZaZ. 

L^hthesupp^pa^^^^^^^^ 

Si^sTS^les. accordingly. Thisdecreases the ^ 

displacement of the compressor. ,u.„aiwe 
fMl91 When the solenoid 32a .s excited, the vave 
S 2b Closes the supply passage 31 . ^^ops he 
f^of refrigerant gas fromthedischargecharter 2^^^^ 

S^irJ chamber 30, which lowers the pressure of 

^ 22 increases, accordingly. This increases the dis- ^ 
placement of the compressor. 
IM201 in this manner, the inclination of the swash 

ilh oiate 20 can be moved to a desired indination 
Sin'SS being sign«icant,y affected by the mer- ^ 

;S«T°TreSe''.eachp.ton22willnowbe 

described with reference to Figs. 1 to 3 _ 
[00221 AsshwninFigs.land2eacMs^«i22hJ 
a head 40 housed in the associated cyl.r«ler bore 12a 
l^Sn 42 coupled to the swash plate 20 by the « 

ItSr i S^^d'^Tin" he s.;t 42. The slot 42a f«s a 
piate ^u. lb H . defined m each 

p^r of opposing wau. ™; 23 are sup- 



nnhe cylinder 41 . The cylinder 41 and the start 42 are 
bi; ct ing or forging metal such as aluminum or 

aluminum alloy. ^.^^a-h 
10024] Thecylinder41 and the lid 43 are fix«i to each 
Sher by friction welding. First, as shown in Fig ^2 me 
^td^i and the sWrt 42 are^iQned J-^^^^^^^^ 
=nH irface 41b Of the cylinder 41 faces the end surface 
S o teVor43a. the cyfiruler 41 « ^e^^^^^ 
^ is rotated relative to the other about an axis S of the 
S^on a Tl^^ cylinder 41 and the start 42 are then 

rnrSrbS:r.ecJiJer4la^ 
42 change as shown in the graph of Fig. 3. 
00251 When the pressure between the end surfeces 
ilb 43breachesafirst predetermined pressure P1.the 
o^iure is maintained forapredetermined time pe^^^ 
the cylinder 41 and the start 42 are pressed 
aoa s eaSother. the relative rotation heats the end 
Sees 4^ 43b. The relative rotation is then stopped. 
ThSer me contact pressure applied to the cylinder 
Iilndme start 42 is increased to a second pressure 
n wSich sweater than the first level PI . This oauj^ 
S of se-ing be^.een the end surfaces*^''- 43b 

™bi wmins ihe eylwet 41 ami the tW « is ™i 

ing« 



(1) The cylinder 41 and the start 42 are fix«^ to 
^^ch other by friction welding. Compared to elec^ 
S^bJam welding, friction welding does n^ 
reauire a large welding apparatus, which reduces 
S St of th'e pistons 22. The cylinder 41 and he 
start 42 are toteted relative to each other and the 
Se end surfaces 41b. 43b are welded toge^^her 
::rnlsly. This Shortens jewe.^^^^^^ 
compared to electron-beam welding, in which an 
"Sn-beam is directed along the annular ,o,nt 
between the cylinder 41 and the start 42. 

(2) The cylinder 41 and the start 42 are rotated rel- 
SImo ach other while being pr^^ed agaj t 
ZcU other by the first pressure PI . Then, ^he re^^ 
tive rotation is stopp«l and the c^rtinde 4^ a«i 
start 42 are pressed against each other by the sec 
Sdwessure P2, which is greater than the fird 
TJmP^ Thisensuresseizingbetweentheend 
S4iand43b.Thecylinder4landthestart 
42 are therefore firmly fixed to each omer. 
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[0028] Figs. 4 to 5D illustrate a method for assenting 
a piston aooording to a second embodiment. The differ- 
ences from the embodiment of Figs. 1-3 will mainly be 
discussed below. The outer diameter of the boss 43a is 
substantially the same as the inner diameter of the cyl- 
inder 41 . Annular grooves 43c. the number of which is 
two in the embodiment of Figs. 4 to 50, are formed in 
the outer surface of the boss 43a 
(0029] The cylinder 41 and the skirt 42 are fixed to 
each other by plastic flow and adhesive. Adhesive is 
applied to the circumference of the boss 43a and to the 
part of the lid 43 that faces the adjacent end surface 41 b 
of the cylinder 41. The adhesive is. for example, resin 
adhesive such as epoxy, poiyamide or vinyl acetate. 
[0030] Then, the skirt 42 is attached to the cylinder 41 
such that the lid 43 closes the inner space 41a of the 
cylinder 41. At this time, the outer circumferential sur- 
face of the boss 43a contacts the inner wall of the cylin- 
der 41, and the lid 43 contacts the end surface 41b of 
the cylinder 41. 

[0031 J Then, as shown in Figs. 5A and 5C. the cylin- 
der 41 and the lid 43 are passed through a die 201 , the 
inner diameter of which is slightly smaller than the outer 
diameter of the cylinder 41 and the lid 43. The die 201 
strongly presses the cylinder 41 against the boss 43d. 
which causes plastic flow of the metal fonning the cylin- 
der 41 into the grooves 43c. Further, when set, the 
adhesive reinforces the joint between the cylinder 41 
and the skirt 42. The cylinder 41 is fixed to the skirt 42 
under atmospheric pressure. Therefore, the metal form- 
ing the cylinder 41 and the skirt 42 is not deteriorated by 
bubbles. In Fig. 5A, the difference between the inner 
diameter of the die 201 and the outer diameter of the 
cylinder 41 and the lid 43 is illustrated in an exaggerated 
manner. 

[0032] Like the embodiment of Figs. 1 to 3, the 
embodiment of Figs. 4 to 5D reduces the manufacturing 
cost and shortens the manufacturing time. Also, the 
embodiment of Figs. 4 to 5D has the following advan- 
tages. 

(1) The cylinder 41 and the skirt 42 are fixed to 
each other by two devices, namely plastic flow and 
adhesive. Thus, the cylinder 41 and the skirt 42 are 
firmly secured to each other. 

(2) The annular grooves 43c are formed on the 
boss 43a of the lid 43. The grooves 43c complicate 
the shape of the joint between the cylinder 41 and 
the skirt 42, which firmly secures the cylinder 41 
and the skirt 42 to each other. 

[0033] The cylinder 41 and the skirt 42 may be assem- 
bled without using adhesive. That is, the cylinder 41 and 
the sWrt 42 may be joined only by plastic flow. 
[0034] Figs. 6A to 6D illustrate a method for assem- 
bling a piston according to a third embodiment. The dif- 
ferences from the embodiment of Figs. 4 to 50 will 



mainly be discussed below. The boss 43a of the embod- 
iment of Rgs. 6A to 60 has no annular grooves 43c. As 
shown in Fig. 66. solder R fills the space between the 
cylinder 41 and the boss 43a. The solder R is an alloy 

5 having a lower melting point than that of the metal form- 
ing the cylinder 41 and the skirt 42. The solder R may 
be applied either to the cylinder 41 or to the boss 43a 
prior to the assembly Alternatively the solder R may be 
formed like a ring and be fitted to the cylinder 41 or the 

10 boss 43a. Further, cylinder 41 or the lid 43 may be 
coated with powdered solder R. 
[0035] Like the embodiment of Figs. 4 to 5D, a die 201 
is used in the embodiment of Figs. 6A to 6D. The die 
201 strongly presses the cylinder 41 against the boss 

75 43a thereby causing a plastic flow between the cylinder 
41 and the boss 43a. This creates a number of lattice 
defects in the metal forming the cylinder 41 and the skirt 
42. In other words, holes are formed in the metal. As a 
result, the atoms of the metal forming the cylinder 41 

20 enter the lattice defects in the skirt 42. and the atoms of 
the metal forming the skirt 42 enter the lattice defects in 
the cylinder 41. 

[0036] Passing the piston 22 through the die 201 
applies pressure to the joint between the cylinder 41 

25 and the skirt 42, thereby generating heat. The pressure 
and the heat diffuse the solder R thereby causing the 
solder R to enter the lattice defects. Further, the piston 
22 is heated by an external heat source when being 
passed through the die 201. The heat of the heat 

30 source, together with the heat caused by the pressure 
at the joint, raises the temperature of the solder R above 
its melting point, which liquefies the solder R. The lique- 
fied solder R is diffused at the joint. The external heat 
may be omitted, in which case a solidus diffusion of the 

35 solder R occurs. 

[0037] As diagrammatically shown in Fig. 60, an alloy 
layer G is formed at the joint between the cylinder 41 
and the skirt 42. The layer G includes the metal forming 
the cylinder 41 and the skirt 42 and the solder R. The 

40 cylinder 41 and the skirt 42 are fixed to each other by 
the alloy layer G such that there is no boundary between 
the cylinder 41 and the skirt 42. 
[0038] The inner diameter of the die 201 . or the pres- 
sure applied to the cylinder 41 and the skirt 42 when the 

45 piston 22 is passed through the die 201 , is determined 
such that the strain of the joint between the cylinder 41 
and the skirt 42 is three to fifteen percent. For example, 
if the applied pressure is too small, that is, if the strain of 
the joint is smaller than three percent, the number of lat- 

50 tice defects will not be sufficient. In other words, there 
will not be enough holes and the metal atoms in the cyl- 
inder 41 and the skirt 42 will not sufficiently intenveave. 
Also. Inadequate pressure prevents the solder R from 
being satisfactorily diffused, which weakens the 

55 strength of the joint between the cylinder 41 and the 
skirt 42. Since inadequate pressure slows the diffusion 
of the solder R, the cylinder 41 must be passed through 
the die 201 relatively slowly On the other hand, if the 
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10039, AfterasseJ.in9t2P;s.n^ ^ 

heatedagan-Thetenjeratt^re fhe heat promotes the 
the melting point of the layer u i n 

dittusion of the alloy '^f ^^^^S^'rAlaser heater 
belweenthecylinder4landtt^estart42^a 

or an electron-beam SlW 43 

heattotheioirtbe^«een«he^yJ"^«^^ 

by. Alternatively, the whole piston 22 mayoep 

furnace. . < <he sWrt 42 are manufac- 

100401 The cylinder 41 and the sta^^^^ ,5 

to be omitted. ^-rfihesKirt 42 are preferably 2fl 

10041] ThecytmdJ^land^J^^^^ 
^deof thesameordrffe en^tfun. 

,rom the alloys spe°''f !" ^.^f ^JgS A6061. A7075. 
Sr^^-rSsSares^abletorthe ^ 

soWer Rare as follows: 



and Silver as additives; 

an .loy induiing ^^-^^XS^. . 
nent, aluminum as a «f ^^^^ cadmium. 

per and cadmium as additives; 



and titanium, beryllium and copper as additives; 

an alloy including zinc « af^^^^^^ 
nent. aluminum as a 

and titanium, cadmium and copper as aoaniv 
and 

tives. 

,0042, "nthesolderR^hepercen^^^^^^^ 
tirstprincipalcomporjnt. gr^^^^^ 

percentage by ««9« °« J^e^JL /the second prin- 
nent. and the percentage by wagmoT in 

o,thecyiinder41andthe^^^^^^^ 
201 . This generates P "^""^^^^'r to sim- 

n«ting the diffusion °< ^f^^^'^.^^'^^'^o^S^ the 
soWering in ^^^^^.r^entcr^e i«nt 
embodiment of Figs. lo " 
between the cylinder "^^^V^.^j! pigs. 7Ato 

on « * »e c^- 

piston 22 ol F.g. ™JL , „ 50, «lhesM 

,8d. As In «» entodime"B ol F'J * " ^ „ „ 

M artxxlimenl c< Fus. s*" " 
in Ihe eittuJn*™ If f» 'V . in Rg. 

7A 1. conslanl a W's " """J,,, e dtomw- 
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strength Of the joint and that noplasticflo« occurs inthe 
other part o« the piston. 

Lei Fig. 7B sho«s another type of roHer 202 l^e 
Kferel. surface of the f^^^f'^^^/^^^ , 
cularlv curved so that the axial center of the roller zozis 
J^sS -me radius of curvature R2 at the axial ends 
nTTe Sie?202 may be extremely small. When us.ng 
e^r^lSfof Fig. 7B. the^ston 22 is heated to a 

L recess in the axial center is optimized to effectively 

tanered by a predetermined angle 6. When using tne 
o5e r202 of Fig. 7C, the piston 22 is heated to a rela- 

fsS hSd to a high temperature. The angle e is opti- 
Sretctively'generate P'as^c ^^^/^^^'^^^^^ 30 
thereby minimizing the energy required to coupie 
cylinder 41 with the skirt 42. o »„ 12 the 

Ka^rsrrerpiiS^;^^^ 

re^Sto-SSX friction welding or Plastic 

pS 22 according to a fifth enjxxljmem.^^^^^^^^^^ 

niate 41d Is disk shaped. The end surface 41 e of the 
?vtdr4l and the end surface 41f of the end plate 4W 

2e brought into contact Then, the cylinder 41 and the 
end pSe 41d are coupled to each other either by fnc 

same as the inner diameter of the cylinder 41 . The IX.S8 
Son'thand the end surtaceAleof the cylinder 41 are 



brought into contact. Then. ^^^^^^I^^'^X^^^ 
plate 4ld are coupled to each other either by faction 
welding or by plasfic flow. ^.„„.„an 
100521 Fig. 1 1 illustrates a piston 22 according to an 
SghS emb^iment. The piston ^of Fig. 1 « a m^" 
,i,ilion of the piston of Fig. 10. J^^^t .8 the cyWrical 
portion 41h of the end plate 41d '"cl^les a b^ 41 . 
T^e outer diameter of the boss 41i is smaller than ^e 
S 7L cylindrical portion 41h. The cyl-nder 41 h^ 
innector portion 41) formed at the open end. The nner 
rSoUheconnectorportton^liissubsto^^^^^^^ 
same as the outer diameter of the *»ss 41i. The boss 
Tis fmed in the connector portion 4 1 su* 
Inrt surfaces 41 e of the cylinder 41 contact the end sur 
ie cyllndricil portion 41 e. Then, the cy n- 
Sr" S the endVto 41d are coupled to each other 
either by fricfion wekSng or by plashc flow. 
?OT531 Fig. 12 illustrates a piston 22 acco«ling to a 
ninth embJiment. The piston 22 of Fig. 12 is a modj- 
iof the piston of Fig. 10. That is. theinnerdiam^^^^^ 
S Se cylindrical portion 41h is larger than the inner 
lleTSie cy Wer 41 . The cylinder 41 h indues a 
bis4ln at the open end. The outer diameter of the 
S4nissr8tantiallythe8ameastheinnerd.a^^^^^ 

Suhe cyl nd^cal Porto" 41h. The boss 41n is fitt«i m 
1 cyScal portion 41h such that the end surface 
4le i the cylinder 41 contact the end surfaces 41m <rf 
iecyindricalportion41h. Then, the cyl^^^^^^^ 
S jSe 41d are coupled to each other erther by fric- 

SsJ^Set^^toth^^^ 
ZTL present invertlon may be embodied in many 
SSe r spS'c forms without departing from the 8P|rrt or 

S«J that the invention may be embodied in the follow 

iSSrin the embodiments of Figs. 1 to 7C either «.e 

E:aSi:s:t^^rri:n^i^^ 
H^£e»^^^^^ 

oTbSh .Say be made of metal other than^u- 
mVnum and aluminum alloy, such as iron, iron alloy, cop- 

Sherthan the pistons 22 Of Fig.1f0^jjcj,j^^ 
used in swash plate compressors. For example, me 
"pSem i^ntion'may be embodied -J^^^^ 
tvoe compressors. pistons of double-heaaeo 
Sr^e^^STdisplacement compressor, pisto,^ 
S cSS^ressors and pistons in reciprocation interna. 

;oT'l^:ri"the present examples and ^bo.^ 
E are to be considered as illustrative and not 
^Sy^aS the invention is not to be limited to tfie 
SlfSv'en herein, but may be m^H^J w.thin the 
scope and equivalence of the appended claims. 
SbI a method for manufacturing improved pistons 
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(22) v*ichareredprocatedbyas«ashptete(20)^^^^^ 
Stressor. Each piston (22) includes a 40 a„d 

IjSStothecyiinder(41)andreducesthec<>standthe 
time for manufacturing. 

Claims 
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1 Amethodformanufacluringapiston(22)th^eoop- 
erat^ with a driving body (20) .n a machine 
Snthepiston(22)hasas.rU42^^^^^^^^^ 
(401 the skirt (42) serves to connect the piston (Z2) 
Tthed ivingU(20). «ndthehead(40).nc^des 
a cylinder (41) having at least one open end and a 
Jd 'Tild) dosing the open end. ihe method 
characterized by- 
friction welding the lid to the cylinder. 

2. The method according to ^'f^^^^^^ 
by generating relative rotation of ^he M «. 41d) 
andthecylinder(41)1orapredeterminedtn^e«J^e 

p^ng tfie lid (43: 41d) and the cylinder (41) 
aSSeach other withapredetermined force. 

3. The method according to d«m 2 c,»«2^^^^^ 
by pressing the lid (43, 41d) and the cyl"xl« (41) 
S^nst each other in the axial direction of the P 
^(22) and generating relative rotaton of the hd 
(« ; 41CI) and me cylinder (41 ) about the axs of the 
piston (22). 

4 The method according to daim 2 characteri^^^^^^ 

h« Dressing the lid (43; 41d) and the cylinder (41) 
fgaCacVotherviithaforce greater than the^^ 
dSned force after generating the rela^ve rota- 
tion of Ihe lid (43: 41d) and the cylinder (41). 

s The method according any one of daims 1 to 4^ 
Sarrctlzed in that the method is performed 
under atmospheric pressure. ^ 

6 A method for manufacturing a piston (22) that coop- 
erat^ with a driving body (20) m a mach ne 
Smt e piston has a skirt (42) and a head (40) 
Tp sWrt (42) serves to conned the piston (22) to 
;:eSgS(aO),andthehead(40^^^^^^^^^^ - 

cylinder (41) having at least one open end arid a W 
lS;i) Closing theopen end. the methodcharac 

terized by: 

generating a plastic ftow between the lid and 
the cylinder to join the lid to the cylinder. 
7. The method according to daim 6. Characterized 



by pressing tiie Id (43: 41d) and the cylii^w 41) 
aginst ea* other to aener^te a ptestic flow 
between the lid (43; 41d) and the cylinder (41). 
5 8. The method according to daim 7. Characterized 
by: 

forming a cylindrical boss (43a) to the lid (43; 

,0 S the cylindrical boss (43a) into the open- 

ing of the cylinder (41); and 
radially pressing the cylinder (41) against me 
cylindriil boss (43a) to generate the pted^c 
flow between the cylinder (41) and the cylindri- 
cal boss (43a). 

o The method according to daim 8. characterized 
5 foTmran annular groove (43c) on the outer 
Srtace of the cylindrical boss(43a).where.n.when 

S^Tcylinder (41) is radially pressed against the 
SJinScal boss (43a), part of *e ^V-'^JJ 
Seated about the cylindrical boss (43a) enters the 
annular groove (43c) by plastic ftow. 

« 10. TTie method accorting to cl^m ^'^^^^^"^ 
bvoassingtiie cylinder (41) through a die (201) to 

SSJpress th'cylinder (41) against the cylin^r. 
«l boss (43a) . wherein the inner diameter of the 
t W is sliU smaller than Ihe outer diameter 
30 Of the cylinder (41). 

11. The method according to claim 8, characterized 
by rotating the cylinder about the axis of the cy^^n- 
5i (41) while pressing a roller (202) against the 
35 cylinder (41). 

12 The method according any one of clairtw 6 to 11. 
Saracterized by applying adhesive between the 
lid (43; 41d) and the cylinder (41). 
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13. The method according any °' *Vll; 
characterized by applying solder between the lid 
(43; 41d) and the cylinder (41). 

14. The method according to claim 6. c»"««f f""" 
bv heating the solder to a temperature that is higher 
Ke Ling Pdnt of the f wh^^^^^^^^^ 
the lid (43; 41d) and the cylinder (41) against each 

other. 

15 TTie method according any one of claims 6 to 11. 
characterized In that the method is performed 
under atmospheric pressure. 

16 A Piston (22) tor cooperating with a driving tjody 
fzSTn a machine, tiie pston (22) characterized 

by: 
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a skirt (42), wherein the sWrt (42) serves to 
connect the piston (22) to the driving body (20) 
; and 

a head (40). wherein the head (40) includes: 

a cylinder (41) having at least one open 

end; and . 
a IW (43; 41d) to closing the open ena. 
wherein the lid (43; 4ld) is friction welded 
to the cylinder (41). 

17 A piston (22) lor cooperating with a driving body 
' (20) in a machine, the piston (22) including: 

a skirt (42). wherein the skirt (42) serves to 
connect the piston (22) to the driving body (20) 
* and 

a head (40). wherein the head (40) includes: 

a cylinder (41) having at least one open 
end; and 

a lid (43: 41d) for closing the open end. 
wherein the lid (43; 41 d) is joined to the 
cylinder (41) by plastic flow between the lid 
(43;41d)andthe cylinder (41). 
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